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Detecting modules in multiplex networks  
– an application for integrating expression profiles across multiple species	  
worm genes (20377) fly genes (13623) 
Modules are densely connected regions in a network.  
1"
2"
3"
2"
4"
1"
2"
3"
2"
3"
4"
1"
2"
4"
1"
3"
4"
Species,A"
Species,B"
co0expressed"
orthologs"
2"
2"
2"
2"
2"
1"
4"
4"
4"
4"
4"
4"
4"
1"
1"
1"
Species+A"
Species+B"
co/expressed"
orthologs"
4"
species+A+specific" conserved+modules" species+B+specific"
The+ground+state+configuration+correspond+to+three+modules:+1,+2,+4."
	  	  
Input&
Expression*profiles*
of*species*A0
Expression*profiles*
of*species*B0
Orthologous*pairs*0
between*species0
simulated*
annealing*0
to*optimize*H*0
Energy*
function*0
H0
co?expression*0
networks0
flipping*rate*0
is*low?0
T(k+1)0
=αT(k)0
at*most*q*modules*0
labeled*by*spin*values0
randomly*assign*0
spins*(1,2,..,q)*to*nodes*0
Set*initial*temperature*T(0)0
system*evolves*(spins*flip)*
according*to*H0
High?confidence*modules0
based*on*multiple*runs0
Po)s+
Clustering&
Output&
!
Extendable*to*0
more*species0
A*set*of*cross?species*modules,*with*different*number*of*
shared*orthologs0
conserved*0
module0
B?specific0
module0
A?specific0
module0
Figure'6'
231 218 
117	  
Conserved module 
Sharing of GO terms 
fly specific  
module 
worm specific  
module 
16 14 
Abstract 
A spin model to detect modules in a multiplex network 
Multiplex network, a set of networks linked through interconnected layers, is a 
useful mathematical framework for data integration. Here, we present a 
general method to detect modules in multiplex networks and apply it in a 
specific biological context: to simultaneously cluster the genome-wide 
expression profiles of C. elegans and D. melanogaster generated by the 
ENOCDE and modENCODE consortia. The method revealed modules  that are 
fundamentally cross-species and can either be conserved or species-specific. 
In general, the method could be applied in various contexts like the integration 
of different social networks. 
Motivation: Integrating Big Data in Genomics 
	  	  	  	  
Method Overview 
Simultaneous clustering of expression profiles 
	  	  	  	  
	  	  	  	  
Conserved modules and species-specific modules 
GO terms of a conserved module 
Further Application and Outlook 
	  	  	  	  
•  Modules can be used to infer the functions of proteins as well as non-coding 
RNAs based on “guilt-by-association”. ncRNAs from the worm and fly 
anchored to a module may potentially have analogous functions. 
•  Applying other optimization techniques to speed up the algorithm. 
•  Various social networks (Facebook and LinkedIn) can be integrated into a 
multiplex network. The method presented could be used to detect 
communities in a social setting. 
confidence score 
